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1.(a) We will use ∇ · M⃗ = −ρm and M⃗ · n̂ = σm: Noting that ∂/∂x[x
√
x2 + y2 + z2] = x2/r + r,

we have ∇ · M⃗ = ∇ · βrr⃗ = 4βr = 4βr = −ρm and a surface charge density σm = M⃗ · n̂|R = βR2

(b) This magnetic charge density results in (from Gauss’s Law)

∫
HdS =

∫ r
0 ρmd

3r =⇒ H4πr2 = −
∫ r
0 (4βr)(4πr

2)dr = −16βπ(r4/4) =⇒ H⃗ = −βr2r̂ for r < R and

H4πr2 = −
∫ R
0 (4βr)(4πr2)dr+ β4πR4 = 0 for r > R (The volume and surface contributions cancel.)

(c) We then have B⃗ = µo(M⃗ + H⃗) = 0 for both inside and outside the sphere. This is a peculiarity of
the sprerically symmetric geometry. (This result is more readily apparent if you consider the “bound

currents” associated with the magnetisation: The current densities J⃗b = ∇× M⃗ and K⃗b = M⃗ × n̂|S
are both zero.)

2.(a) The surface current is K = σv = σωR. The field inside the cylinder will be axial and have the
magnitude B = µoK = µoσωR.
(b) Magnetic flux ΦB will be Bπr2 inside and BπR2 outside the cylinder. The induced EMF ε (at
radius R) will have the magnitude ε = (2πR)E = dΦB/dt = (µoσαR)(πR2) =⇒ E = µoσαR

2/2.
(c) Torque will be equal to the moment arm distance R times the total charge at R multiplied by
the induced electric field: τ = R(σ2πRL)(µoσαR

2/2) = πµoαR
4σ2L.

3. In the S ′ reference frame, on the x′ axis, there is only a magnetic field in the y′ direction: Ampre’s
Law implies B⃗ = µoIoŷ

′/(2πx′)

F =


0 −cϵoE1 −cϵoE2 −cϵoE3

cϵoE1 0 −B3/µo B2/µo

cϵoE2 B3/µo 0 −B1/µo

cϵoE3 −B2/µo B1/µo 0

 =


0 0 0 0
0 0 0 Io/(2πx

′)
0 0 0 0
0 −Io/(2πx

′) 0 0




γ γβ 0 0

γβ γ 0 0
0 0 1 0
0 0 0 1




0 0 0 0
0 0 0 Io/(2πx

′)
0 0 0 0
0 −Io/(2πx

′) 0 0




γ γβ 0 0
γβ γ 0 0
0 0 1 0
0 0 0 1



=


0 0 0 γβIo/(2πx

′)
0 0 0 γIo/(2πx

′)
0 0 0 0

−γβIo/(2πx
′) −γIo/(2πx

′) 0 0



We also have

(
ct′

x′

)
= γ

(
1 −β

−β1

)(
ct
x

)
=⇒ x′ = γ(−cβt+ x) = γ(x− vt)

We then have a magnetic field By/µo = γIo/(2πx
′) = γIo/[2πγ(x− vt)] =⇒ By = µoIo/[2π(x− vt)]

and an electric field cϵoEz = −γβIo/(2πx
′) =⇒ Ez = Io(βc)(1/c

2ϵo)/(x− vt) = Iovµo/(x− vt)


